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I N T R d p y C T I O N 
The steadily detoriat ing conditions of human 
l i f e in c iv i l ized areas have much diminished the 
niimbers of those who once considered the chief aim 
of science to be the unlimited subjugation and tran«-
formation of nature. The main importance of science, 
of course/ never lay in t h i s area and in the process 
of seeking a more thorough understanding of nature. 
Scient is ts have constantly imitated nature, especially, 
l iving nature. This direction appears even more prom-
is ing at the present time: since the a r t i f i c i a l too ls , 
materials , or processes, developed are not only useful 
in themselves but, in addition provide models which on 
investigation provide a deeper understanding of the 
natxiral phenomena. 
Membrane phenomena i s a note-worthy product of 
t h i s philosophy since the transport of materials 
across natural or a r t i f i c i a l membranes has captured 
the in te res t of chemists, chenical engineers and bio-
l o g i s t s . Chemists and chemical engineers would l i ke 
to understand the mechanism of transport so that with 
the knowledge so gained they would be able to fabr i -
cate menbranes of any desired property or propeirties 
to be used in fuel c e l l s , nuclear technology, e lec t ro-
d ia lys i s , ion select ive electrodes, brakish water 
conversion and in many other processes. Biologists, 
however, would l i ke to use a r t i f i c i a l membranes as a 
simple model in order to understand the behaviour of 
complex biomanbranes in terms of established physico*--
chemical pr inc ip les . As a r e su l t , a huge valxime of the 
l i teratxire re la ted to transport phenomena across a r t i f -
i c i a l manbranes i s available in various d isc ipl ines of 
science and technologyi l ike analytical chemistry, 
physical chemistry, chemical physics, solid s ta te 
physics, chemical engineerings, biophysics, biology, 
physiology and desalination. 
I t i s too extensive to mention the v;hole 
liteirattire describing membrane phenomena. The s igni-
ficant work in the f ield of electro-chenistry are by 
Helfferich (1), Merten (2),Marinsky {3),Spiegler (4,5), 
Hope (6),Plonsy (7), Lakshminarayanaiah ^8,9;, Cole(io), 
s t e i n (11)/ Caplan and Mikulechy (12), Sandblam and 
Orme (13), Kotyk and Janacek (14), Har r i s (15),Schlogi 
(16), B i t t a r (17) and Kel le r (18) . Numerous recent 
volviines descr ib ing the e lec t rochemis t ry of monbranes 
have been edi ted by Kotyk and Janacek (14), Eisenman 
(19) Dan ie l l i and Rosebberg (20), and Durst (21) , 
In sensor techniques are now s u f f i c i e n t l y advanced to 
have been discussed r ecen t ly a t several na t iona l and 
i n t e r n a t i o n a l conferences. This f i e l d has also been the 
subject of numerous general reviews (22-37), and as 
many spec ia l i zed r ev iews : [ Theory (38); i n d u s t r i a l appl -
i c a t i o n s (39) a i r and water p o l l u t i o n (40-42), toxicology 
and hygiene (43); ana lys i s of so i l and water (44-47); 
p l a t i n g and sugarbeet indus t ry (48) and pharmaceuticals 
(49,50)] 
W. Ostwald (51) in 1980 founded the e l e c t r o -
chemistry of membranes by consider ing the p r o p e r t i e s of 
sanipermeable membrane, t h a t i s , o n e which i s impermeable 
t o c e r t a i n kinds of i ons . The e l e c t r i c p o t e n t i a l d i f f e -
rence on such a monbrane i s a l i m i t i n g case of the po t e -
ntiial d i f fe rence a t l i q u i d - l i q u i d i n t e r f a c e , when the 
mobility of one kind of Ion approaches zero. A small 
number of permeating Ions penetrate through the i n t e r -
face and form an e lec t r ica l double layer which I s 
the source of e lec t r ica l potent ia l difference. The 
charac te r i s t ics and existence of Donnan (52) menbrane 
potent ia l could be properly ver i f ied for porous membranes. 
Theorell (53) Meyer and Slevers (54) have given 
the theory of membrane potent ial applicable to jjorous 
or compact o i l types of membranes. In twenties and 
t h i r t i e s / models for biological membranes were looked 
specially by Michaelis (55) and sollner (56) Danlelll 
and Davson (57) proposed a theory in which the membranes 
of c e l l s were presumed to have the nature of very thin 
compact l iquid membranes composed of bimolecular layers 
of pho^hol ip ids , covered on both the sides by a protein 
layer, Mueller and Co-workers (58) obtained for the 
f i r s t time very thin , a r t i f i c i a l , blomolecular black, 
phospholipid membranes. 
A membrane, in simple terms i s defined as a 
phase usually heterogenous, acting as a barr ier to the 
flow of molecular or ionic species present in the 
5 
liquid or vapour contacting the two surfaces. The term 
heterogeneous has been used to indicate the internal 
physical structure and the external physico-chemical 
performance (59-61). The notibn of homogeneous vs 
heterogeneous membranes proves to be an important 
distinction from the point of view of mass transport. 
In dilute solution limit, the friction coefficient 
for mass transport by diffusion or migration are 
Inconvertible by Onsager reciprocal relations and both 
can be related to Jump distances and frequencies accor-
ding to random walk models. As long as there are no 
prefferd regions of low friction in the membrane, it 
is isotropic on a molecular level and is consider to 
be homogeneous. Unformity of mesh on a molecular liquid 
is another view of homogeniety. Channel free solid and 
liquid membranes (Coherent gels and oil types ) are 
usually homogeneous and low phase membranes (Solid 
crystallites inbedded in a non ionic resin ) are 
heterogeneous. 
Manbranes are considered to be porous or 
nonporous depending upon the extent of solvent pene-
tration (62), At the non porous extreme are membranes 
which are non ionic and contain negligible transpor-
table species at equillbri\am. Ceramics, quartz, 
anthracene crystals and teflon films are the example 
of solid menbranes. Organic liquid films like 
hydrocarbons and fluorocarbons in contact with aqueous 
electrolytes are the examples of liquid membranes. At 
the other extreme are the porous membranes, which can 
be solvated and will contain components from external 
phases. Among these are the non-ionic films such as 
cellophane, inorganic gels and loosely compressed 
powders in contact with aqueous solutions. These 
materials adsorb solvent from the surrounding media 
and may also extract other neutral molecules and ionic 
salts. More studied are the membranes of poly electro-
lytes, aqueous immiscible organic liquid electrolytes 
(1,8,29), various parchment supported inorganic preci-
pitates (63-78), solid ion conducting electrolytes 
including silver halides, rare earth fluorides and 
alkali and aluminosilicate glasses (21,22,79,80). All 
these materials contain ionic or ionizable groups 
within the menbranes which are capable of transport 
under diffusive or electric field forces. In addition. 
these materials possess porosity, Polyelectrolytes 
tend to swell rapidly by solvent uptake. Liquid ion 
exchangers are very slow to take up water while inorganic 
s a l t s have no tendency to hydrate. Glass membranes are 
complicated by simultaneous hydrolysis of the polyelect-
ro ly te during uptake of water (81,82), 
An important characteristic of e lect rolyte 
membranes i s the presence of charged s i t e s (83-88). If 
the ionic groups are fixed in a membrane as -SOl and-000 
attached to cation exchange res ins , the m&nbrane i s 
considered to possess fixed s i t e s . In glasses the fixed 
s i t e s are -Sio" and AlO" groups while in anion exchange 
• f -I- -I-
resin membranes, these are NH- , NHg , -N- . The 
membranes having fixed ionogenic groups exclude co-ions 
by e lec t ros ta t i c repulsion. The extent of exclusion i s 
governed by the concentration of the external e lectrolyte 
and the magnitude of the charge fixed to the membrane 
matrix. There will be a smaller number of colons than 
counterlons by an amount equal to the number of fixed 
groups in ion-exchange membranes. The d is t inc t ion between 
colons and counterions does not exist in non-ion exchange 
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membranes. The transport of non-electrolytes i s 
governed by the r e l a t ive sizes of permeating species 
and the membrane pores i r r e ^ e c t i v e of the nature of 
the membrane. However, i t i s d i f f i cu l t to find a 
membrane ei ther natural or a r t i f i c i a l tha t would be 
free from carrying ionogenic groups ei ther fixed to 
the three dimensional membrane metrix as seen in well 
characterized ion exchange membranes or adsorbed as 
found in colloidal systems (89)• 
The diffusion co-efficient in membrane phase 
depends on the size of the solvated ion. The observed 
sequence of mobility for alkalimetal ions, i s in the 
order Li"*'^ Na'*"> K"*" ^  Rb"*" > Cs'*"(90-93). The re tarda-
t ion increases as the valency of the species i s incre-
ased. This effect i s more marked for counterions in 
cation exchangers than i t i s for counterions in anion 
exchangers. Retardation i s stronger for counterions 
than for colons. This r i s e s from the e lec t ros ta t i c 
a t t rac t ion that counterions have for the oppositely 
charged fixed groups of the membrane. For colons 
there i s no such a t t rac t ion . Selective membranes 
invariably contain more water than non-selective 
membranes. I t i s , therefore, to be expected on the 
basis of the presence of hydrated charged groups that 
the diffusion coefficients in select ive m«nbranes 
will be larger . These par t i cu la r proper t ies are of 
considerable indust r ia l importance, as they determine 
the ultimate usefulness of the manbrane in indust r ia l 
d ia lys i s or e lec t rodia lys is (94,95). 
A membrane can be categorized according to 
whether i t contains s i t e s for ion exchange or i t i s 
s i t e free and i f i t i s an ion exchanger, according to 
whether i t s s i t e s are free or mobile and whether the 
s i t e s and the i r counterions are associated or dissoci-
ated. This type of c lass i f ica t ion has been presented 
by Eisemann, Sandblom and Walker (94). These authors 
have, however, r e s t r i c t ed the i r discussion to membranes 
whose propert ies are considered to be homogeneous in 
the plane of the manbrane and have avoided explici ty 
with the complexities which resu l t from ei ther mosaic 
membranes, in which local eddy current (89) occur or 
ser ies monbranes in which space charge regions exist 
analogous to those at a p-n semiconductor junction(95). 
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Lakshminaryanaiah (8) has given a classification of 
artificial membranea of three baais of the reaction 
involved e.i. addition or condensation reaction. 
Impedance measurements provide a powerful 
diagnostic tool for the analysis of many electro 
chemical systems (96-99)• In order to understand the 
behaviour of complex living membranes, simple polymeric 
for some time (100), liquid bilayer manbranes (103., 102)^ 
parchment (103-106) and ihillipore (107-109) filter 
paper supported membranes in recent years have been 
used as models by a number of investigators. Warburg 
(110) developed the theory of diffusional impedances 
and derived the expression for it. The work of Macdonald 
(111) provides a systematic treatment of small signal 
a,c, responce of conducting cell and membranes, Archur 
and Armstrong (112) interpreted the complex impedance 
spectra for solid /electrolyte interfaces. S.H. White 
(96) studied the membrane capacitance under various 
conditions of surface charge and electrolyte concentra-
tion, Kobatake et al. (97) Studied the impedance of 
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surface manbrane of protoplasmic drops. Membrane capa-
citance and resistance was found to be frequency depe-
ndent, Takashima et al (113) has shown that the parallel 
arrangement of resistance and capacitance may transformed 
to a series arrangement. A.E. Hill (114) while studying 
the ion transport through leaf gland cells of limonium 
measured the intpedance characterotics of the whole leaf 
disc. The frequency characteristics was examined with 
a.c. bridge circuit. The a.c. responce to a rough elect -
rode surface In contact with an aqueous electrolyte has 
been discussed by de Levie C1S5#116). 
The technique of capacitance has been applied 
to many passive and excitable membranes (117-120).Early 
works of cole and curtis (119) and cole and Baker (121,122) 
demonstrate various unique features of nerve membranes. 
The analysis indicate that the effect of electrolyte 
concentration and bridge frequency on membrane capaci-
tance is not due to electrode polarization but may be 
due to some structural changes in the membrane as 
discussed by chandler et al (123). The frequency depen-
dence of the electrical impedance of a tissue is conveni-
ently represented by the impedance locus, a graph of 
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reactive component against resistive component with 
frequency as implicit parameter. The impedance locus 
of a cell membrane is frequently a circular are with 
its center below the resistance axis (124). 
A number of theoretical models [point charge 
model (125-130) and finite ion size model (115,116,131)J 
for the solid/electrolyte conductor interface have been 
used to interpret the impedance characteristics under 
various conditions of blocked, partially blocked and 
unblocked electrolyte depending upon the extent of 
penetration of the electrolyte to the electrode (115,116) 
Armstrong has attempted to use some of the theoretical 
models for aqueous electrolyte systems in order to 
obtain a simple model for the metal/superion. conductor 
interphase which can explain some of the experimental 
observations that have been made on these systems (131). 
In majority of cases, an electrochemical cell 
is better understood by a complicated network of resi-
stance and capacitance. These show a complex behaviour 
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in the complex impedance plane. If an impedance 
spectmm is given* one can calculate the components 
of an equivalent circuit of resistance and capacitance 
responsible for it. Thus with the measurements on 
electro chemical cells* It is usual for investigator 
to measure the impedance of the cell and subsequently 
to find the probable equivalent circuit and the signi-
ficance of different con^xjnents. This is usually carried 
out by comparing the results with the theoretical model. 
This dissertation clescribes the measuranents of 
membrane impedance of parchment supported copper ortho 
arsenite membrane under various conditions of bathing 
electrolyte concentration and ^ applied oscillator 
frequency in order to understand the mechanism of 
ionic transport through this membrane: . The results 
are interpreted in terms of changes produced in the 
electrical double layer at the membrane/electrolyte 
interfaces. The values of membrane resistance/capacitance 
and impedance have been computed by considering diff-
erent equivalent electrical circuit models. 
E X P E R I M E N T A L 
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Parchment supported copper ortho Arsenite 
membrane has been prepared by the method of interaction 
as suggested by Beg and cowerkers (1Q3-106), The Chemicals, 
copper sulfate and sodiiim ortho arsenite are of A»R. 
grade. Parchment paper was first dipped in deionized 
water for about two hours and then tied carefully to 
the mouth of a beaker containing 0,5 M copper sulfate 
solution. This was suspended in a solution of potassium 
hydroxide for 72 hours. The two solution (fresh solution) 
were interchanged and kept for another 72 hours. Precipi-
tate of copper ortho arsenite diposits in the interstices 
of parchment paper. The membrane was than washed several 
times with deionized for the removal of free electrolyte. 
The membrane thus obtained were cut into a circular disc 
from the unit cross-sectional area and sealed between 
the two half cells of an electrochemical cell. The two 
half cells were filled with electrolyte solutions to 
equilibrate the membrane. The solutions were then 
replaced by purified mercury without removing the 
adhering surface liquids. Air bubbles, if any, on the 
membrane surface was removed by tilting the cells essembly, 
Mercury is likely to be oxidized to form mercuric oxide 
15 
which would form films on membrane faces and cause 
i r r e v e r s i b i l i t y . Use of purified mercury has elimin-
ated t h i s problem and has given reproducible r e s u l t s . 
A universal LCR bridge 921 has been used to 
measure the e lec t r ica l resis tance and capacitance of 
tljie membranes. The monbranes were equilibrated with 
lower concentration of sodium chloride i n i t i a l l y 
then the higher concentration while measuring the 
resis tance and capacitance of the membranes. The effect 
of o sc i l l a to r frequency over the resis tance and capacitance 
values have been observed for the membranes. A platinum 
wire coated with platinum black dipped in Hg was used 
as the electrode. The use of long electrode was prefe-
rred in order to avoid t i p irapedance<113j, 
R E S U L T A N D D I S C U S S I 0 N 
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The electrical resistance {R^) and capacitance 
(C^) across parchment supported copper ortho arsenite 
membrane equilibrated with different concentration of 
aquous sodixim chloride solution over a frequency range 
of 1-6 KHz have been measured. These values are given in 
Tables I to IV, 
The data refer to the fact that the R^ decreases 
with the increasing in electrolyte concentration and 
increasing in frequency. The decrease of R^ with increase 
of electrolyte concentration and magnitude of applied 
frequency are attributable,respectively to increased 
electrolyte uptake and fast exchange of polarity result-
ing the dielectric across the two surface of the membrane. 
The magnitude of C increases with the increase 
in bathing electrolyte concentration. The increase in C:^ 
may be ascribed to the changes produced in the dielectric 
properties (€) and the effective thickness (d) of the 
membrane/electrolyte system in according with the equation 
for parallel plate capacitor. 
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The increase in C^ may be referred to the 
increase in electrolyte concentration and decrease 
in the value of d probably due to the deswelling of 
membrane because of squeezing of water molecules from 
the manbrane framework by the incoming ions (132,133). 
In order to have a better understanding to 
the mechanism of flow of ions through the membrane, 
of electrochemical properties and the electrical 
circuit associated with the system under investigation, 
impedance, membrane resistance and manbrane capacitance 
have been evaluated on the basis of an equivalent elect-
rical circuit model (Figure 1). For this circuit,Lakshmi-
narayanaiah and Shane (134,135) have proposed the following 
r el ation ship s. 
and 
^x = 
^m = 
Cm = 
z = 
1/<0C^ 
«x [ 1* l - ^ ) ' 
(W '1/^ V 
(R 2 + x2 ) 1/2 
X X ' 
] 
- ( 2 ) 
- ( 3 ) 
- ( 4 ) 
- ( 5 ) 
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m AW\A 
m 
Fig. 1, The equivalent e l e c t r i c a l c i r c u i t for a simple 
membrane, R„ and C are membrane r e s i s t a n c e and m m 
membrane capaci tance r e spec t i ve ly . 
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Where X i s the reactance, R^ and C^ are the 
e lec t r i ca l res is tance and e lec t r ica l capacitance 
observed for the model membrane equilibrated with 
different concentration of the univalent e lec t ro ly tes , 
R and c are the membrane resis tance and capacitance,z i s the m m 
impedance and 60 s 27^f, f i s the applied frequency 
used to measure R and C • 
The values of R^, C and Z evaluated with the 
aid of equation 3,4 and 5 have been summarised as a 
function of bathing e lec t rolyte concentration and applied 
osc i l l a to r frequency for the copper ortho arsenite 
membrane, are given in Tables V to VIII, 
As i s clear from table V, the decrease in R 
with increase in bathing e lec t ro ly te concentration may 
be ascribed due to progressive accumulation of ionic 
species with in the membrane, thus making the manbrane 
more and more conducting, while the decrease in R with 
increase of applied frequency may be due to the fast 
exchange of po la r i ty resul t ing in a leakage of charge 
through the d ie l ec t r i c across the two surface of the 
membrane (Table VI), 
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The decrease of R„ with Increase of electrostatic 
in 
f ie ld strength of the permeant can be discussed by consi-
dering the effect of permeants on the structure of water. 
Water i s open structured and full of the cav i t ies similar 
to those of ice . These cavi t ies are believed to contain 
a dense l iquid composed of non hydrogen bonded molecxiles. 
Clustered and nonhydrogen bonded water molecriles are in 
equilibrium with one another. The sensi t ive order d i s -
order equilibrium i s responsible for i t s unusual propert ies 
as i t s ab i l i ty to increase or decrease in order by i n t e r -
action with cations. The cations with high e lec t ros ta t i c 
f ie ld strength, e .g . , Na , increase the structuredness 
of water while those with low e lec t ros ta t i c f ie ld strength, 
e.g. K , NH. decrease i t . The cation of former catagory 
increase the v iscos i ty and permeate l e s s readi ly than 
the cation of the l a t t e r catagory, which decrease the 
viscosi ty (136), 
The Cm increase with an increase of bathing 
e lec t rolyte concentration, such a menbrane behaviour 
can be a t t r ibuted to the changes produced in the d ie lec-
t r i c propert ies and effective thickness of the membrane. 
The surface charges between the membrane and e lec t rolyte 
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2S 
solution may be responsible for the increase of 
membrane capacitance with the increase in the 
magnitude of applied frequency. 
The electrical double layer theory (99) may 
also be used to interpret the change produced in the 
magnitude of C with the change in bathing electrolyte 
concentration. The electrical double layer at the 
membrane / solution interface has been utilized in 
several studies to account for various membrane 
behaviour (99,137), The polarization charge on the 
geomatric capacitor in the form of diffused double 
layer plays an important role and affects the overall 
membrane capacitance(138,139). The applied frequency 
across the monbrane has been found to affect the double 
layer capacitance by the movement of ions across it. 
In order to investigate the impedance characteretics of 
the membrane/electrolyte system and the double layer 
effect, the equivalent electrical circuit has been 
analyzed further and may be represented as in Figure 2, 
This circuit, according to Armstrong (140) represents 
a solid smooth surface in contact with the penetrating 
electrolyte and refers to ideal impedance spectra on 
u 
30 
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complex plane as shown by the dot ted l i n e s in 
Figure 3(a-e)« Where C^ i s the spec i f ic georaatric 
capaci tance which i s assumed to depend upon the 
s t r u c t u r a l d e t a i l s of t he polymer network of which 
the membranes are composed, C<^  i s the i n t e r f ac ia l 
e l e c t r i c a l double l aye r capaci tance , Rj^  i s the bulk 
r e s i s t a n c e of the membrane, and R. i s the charge 
t r a n s f e r r e s i s t a n c e between membrane/electrolyte 
i n t e r f a c e assuming the ion t r a n s f e r process to be 
s ing le s t ep . 
The impedance of t he proposed equivalent 
e l e c t r i c a l c i r c u i t (Figure 2) for the membrane/ 
e l e c t r o l y t e system i s given by 
i _ + - J b ^ B (g) 
1+J«C^R^ l + J " V b ^+J"^m^m 
The rea l and imaginary p a r t s of eq (6) are given by 
R« 2 R. R. m ^ t _^  D /.^\ 
g % 
2 2 2 C R 2 C,R.'^ C R. '^  
_SL-iS « ^Jb ^ q b (Q) 
2 2 2 2 2 2 2 2 2 
^•^\x i^ d^ t^ ^^'^s^l 
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-Equation (8)can be approximated at higher oscillator 
frequencies as 
m g a 
Which indicate that the membrane/electrolyte system 
may be considered to be composed of three capacitors 
arranged in series. The geomatric capacitor is placed 
between the two interfacial double layer capacitors 
as suggested by Armstrong(112).For high electrolyte 
concentrations or significant surface charge (99,141)^ 
1 / C g » 2/C^ SO t h a t C^« Cg^  
Now tak ing t h i s value of C as C^ (at IN NaCl 
m g 
so lu t ion ) , t he d i f f e r en t va lues of C^ a t o ther e l e c t r o l y t e 
concent ra t ions are ca lcu la ted using eq(9) . I t i s found 
t h a t t he va lue of C, inc reases with inc rease in e l e c t r o -
d 
lyte concentration, C should differ considerably from 
C when l/C« ^/C^, This situation prevails in the 
absence of surface charge at low electrolyte concentra-
tions. 
The exact form of the double layer capacitance 
depends upon the fixed surface charge (^ Ts) and the 
membrane potential (Vj^ )^, If <ls = 0, then (141) 
3 
C = ^ €w SjLn ho^ (10) 
^ ~ (iA)«: 
Where €0=8.85 x lO"^ P/Cyn, 6,^is the dielectric coeff-
icient of water, oc i s a constant which takes into account 
the structural details of membrane polymer, and (i/k) 
i s the Debye-Huckle length given by 
(2x/i)l/2 ' 
Where/I is the ionic strength of bathing electrolyte 
solution, OC is determined from the transcendental 
equation 
€»€w . Sin hoc +2 
L (lA) Cg 
or alternatively from 
V 
m 2(RT/F) 
(12) 
C V„ = CTP = 4 FC ( I A ) Sin h©^  (13) 
m m 
Where Op i s the polarization charge on the capacitor. 
Equation (10) can be reduced to 
^ ^ gp'^ w (14) 
^ " (lA) 
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If V <^ < RT/P SO that Sin hOC = «C. The value of C^ 
calculated from eq (14) at different electrolyte 
concentrations are given in Table IX. The difference 
in the values of C^ Calculated from egs (9) and (14) 
is attributed to the presence of polarizing charge and 
other structural details of membrane matrix. 
The frequency dependence of the electrical 
impedance of membrane is conveniently represented by 
the complex impedance spectral (112)• The impedance 
spectra of complex plane for the different concentra-
tions of copper ortho arsenite membrane is represented 
in figure 3 (a-e). The dotted scrambling according to 
Armstrong represents a solid smooth;surface in contact 
with the penetrating electrolyte and refers to the 
ideal impedance spectra. The experimental data follow 
the theoretical predictions at higher frequencies 
where as at a lower frequency region, there is a marked 
deviation from ideal behavior may be due to nonhomogen-
eity and rough membrane surface (142-144). 
It may, therefore, be concluded that the 
membrane/electrolyte system can be represented by a 
model equevalent electrical circuit as shown in figure 2 
p« 
Q) 
a 
% 
N 
S «H 
s =^  
o 
o ^ 
n -^  
o 
c 
o 
u 
0) 
(1) « i ^ 
H 
35 
I 
I 
CM 
I I 
CN 
I I I 
X n n 
in ON 
in 
o 
CM 
VO 
0\ 
0\ 
00 
00 
n VO 
o 
X 
in 
ro 
n 
o 
CM 
I 
CO 
in 
in 
0\ 
CN 
CV) 
O 
in 
00 
o 
CM r-
00 
VO 
in 
0% 
eg 
CM 
ft 
o 
in 
CM 
?^  00 in 
CTi 
VO CM 
CM 
5J< •«t e n r o CM C>» 
i I I I I I 
o o o o o o 
X X 
in 
X 
«-4 
X 
in 
X 
»H 
X 
in 
X fH X in X T-l 
36 
200 
160 
M 
O 
«^120 
,X X 
I 80 
40 
IKHz 
2KHZ 
3 KHz 
8 12 
Rj, (71 )xl0 
14 
2 
Fig. 3(a) Theoretical (-—) and experimental complex 
Impedance Spectra for Copper Ortho Arsenite 
membrane equilibrated with 0.0001 N solution of 
NaCl. 
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and the values of membrane capacitance (C ) as a 
function of electroyte concentration is accurately 
predicted by double layer theory. This type of 
behavior is in aggrement with our earlier findings of 
membrane potential measurements with copper ortho 
arsenite membrane (145) as well as in agreement with 
Tien and Ting (146) for bilayer membranes that the 
electrical double layer at the interfaces control 
the diffusion process, at least in dilute concentration 
ranges (147). 
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A B S T R A C T 
51 
Transport phenomena in membranes have acquired 
considerable significance during the l a s t few decades 
because of i t s d i rect impact in desalination, ion 
sensor techniques, fuel ce l l technology, e lec t r ica l 
storage ba t t e r i e s , biology, medicine and several other 
processes. The invest igators from various disc ipl ines 
e»g. , ch^nist, chemical engineers, phys ic is t s and 
biologis ts have contributed extensively, although the 
alms and the s tar t ing points have been qui te different . 
The l i t e r a t u r e in t h i s f ield i s enormous but not very 
coherent. 
The present quarter of t h i s century has witnessed 
a rapid growth in the development and use of model 
manobranes for carrying out invest igat ions of various 
aspects of b io-e lec t r ic phenomena. A number of inves-
t iga to r s have developed simple, well defined and stable 
model roenbranes. Based on the structure and composition 
of biomanbranes, l i p i d bilayer membranes have been 
considered as the most r e a l i s t i c model e x c ^ t for few 
shortcomings. Parchment paper, which mimic some of the 
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functional properties of electrolyte cell and gastric 
mucosal membranes/ have been used to study the 
rectification phenomena in biological systems and in 
some other physico-chemical studies. Inorganic precipit-
ate membranes, owing to their stability at higher 
tanperatures, ion exchange power and strong adsorption 
characteristics have been used in many processes of 
nuclear and chemical technology and electrosynthesis 
of organic compounds in some non conducting media. 
This diss^ptatipn describes the measurement of 
electrical resistance R.^  and capacitance C^ of parch-
ment supported copper ortho arsenite monbrane equili-
brated with different concentrations of sodium 
chloride and at various frequencies. The data refer 
that RL. decreases while C^ increases with the increase 
in bathing electrolyte concentration. The decrease in 
R^ with the increase in electrolyte concentration may 
be ascribed due to progressive accumulation of ionic 
species within the membrane and thus making the membrane 
more and more conducting. The increase in C may be 
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a t t r i b u t e d due t o t he changes produced in t h e d i e l e c t r i c 
p r o p e r t i e s and e f f ec t ive th ickness of the manbrane. 
A membrane-electrolyte system i s usua l ly r e p r -
esented by an equivalent e l e c t r i c a l c i r c u i t . Consider. -
ing s t r u c t u r a l d e t a i l s of membrane matrix and i n t e r f a c i a l 
e l e c t r i c a l double l a y e r s a t the membrane-solution 
in ter faces^ t he c i r c u i t has been analysed in terms t h r ee 
u n i t s of r e s i s t a n c e and capacitance* one of which r e p r e -
sen t s membrane matr ix and the o the r two for i n t e r f a c i a l 
e l e c t r i c a l double l a y e r s . At higher f requencies , the 
equation for a membrane-electrolyte system takes the 
following l i m i t i n g from, v i z . , 
JL 1 2 
^ ° S •*• ^d 
This equation suggests that the membrane capa-
citance is the resultant of three capacitors placed in 
series. The specific geomatric capacitor is placed 
between the two interfacial double layer capacitors. 
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for high electrolyte concentrations and/or significant 
surface charge, 
^ — ) ) ^ So that C^«* C . Now taking this value of 
can as C , different values of C^ at lower electrolyte 
concentrations were calculated using above equation. 
It has been found that value of Co increases with the 
increase in electrolyte concentrations probably due to 
decrease in the thickness of interfacial double layer 
(debye length ) and /or accumulation of ions at the 
membrane-solution interfaces. 
The frequency dependence of the electrical 
impedance of membranes has been represented by the 
complex impedance spectra in the form of a s«ni circle. 
The semicircle represents a solid smooth surface in 
contact with the penetrating electrolyte and refers 
the ideal impedance spectra. The experimental data 
follow the theoretical predictions at higher frequen-
cies while at lower frequencies, there is a mark devia-
tion from ideal behavior may be due to roughness and 
non-homogenity of the membrane. 
